Membranes based on sulfonated synditoactic polystyrene (s-sPS) were thoroughly 15 characterized by contrast variation SANS over a wide Q-range in dry and hydrated states.
where P(Q) represents the particle form factor, which relates to the intra-particle correlations, 190 and S(Q) the structure factor, which denotes the inter-particle correlation effects. The contrast 191 =p-env is the difference between the SLD of the scattering particles p and their environment env,
192
where the environment can be a solvent, a film, or a metallic matrix. Usually, the factor (  2 Vp) is 193 called the "forward scattering" I0 from the ensemble of scattering particles. The term Bckgd 194 represents a constant background, which arises mostly from the incoherent scattering contribution 195 and can be observed as a constant level at high Q.
196
In the current study we used the combination of the form factor and the structure factor to 229 with s-sPS and water -the SLD for the sulfonated polymer and the H2O, D2O or H2O/D2O 230 mixtures, as defined in Table 1 , and pol and water -the volume fractions of polymer and hydrated 231 water in the swollen amorphous regions. Disregarding the free volume in the amorphous polymer,
232
which typically is very small [32], we can roughly assume that water = 1 -pol in these regions.
233
The global water fraction in the amorphous phase can be determined from the interpretation of 234 the "forward scattering" from the water domains. However, there is an unknown partition of water 235 between the bulk and inter-lamellar amorphous regions. Moreover, due to the loading with guest 236 molecules, either protonated toluene or fullerenes, the SLD of the lamellar region is lower than that 237 of the crystalline sPS (Table 1) . Therefore, in the fitting procedure of the experimental data from the 238 lamellar stacks (Eq. 1, 4-6), the SLD parameters lam and inter-lam were considered free parameters.
239
The bulk in this procedure was considered that of the amorphous sPS (Table 1) . This is a reasonable 240 assumption if we consider that the sulfonated segments of the sPS chains in the bulk region are Table 1 for the crystalline sPS up to lam=5.9x10 10 cm -2 , taking into account the 250 contribution of the protonated toluene to the overall SLD of the crystalline region. 
326
This enables the collection of the scattering features from the crystalline ordering in the range of crystalline lattice details). In case of using deuterated toluene guests, the neutron contrast is much 348 lower and the peaks on the equator become less obvious in the scattering pattern.
349
On the other hand, the inter-lamellar correlation peaks appear due to the difference in SLD indicative of structural levels occurring at different length scales in the complex morphology of the 408 polymer films. In the high Q range, the 010 crystalline peak appears in the equatorial sectors at deuterated s-PS helices to a larger extent.
415
The ionomer peak is present in data on both the meridian and equatorial sectors, as it represents Figure 6 were interpreted via structural models: the data on equatorial sectors were described by Eq. 464 1-3 while the meridian patterns were described by a superposition of scattering from spherical 465 domains and lamellar stacks (Eq. 4-6). The water domains were characterized by spherical form 466 factor combined with the hard-sphere structure factor, an approach that is usually involved in 467 interpretation of scattering data from spherical polymeric micelles [50, 51], but is applied also in the 468 characterization of ionic aggregates in PEMs by scattering methods [52, 53] . Thus, four free 
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The data measured on the meridian sector were modeled for a morphology consisting of 503 oriented crystalline-amorphous lamellar stacks, which are "embedded" in a bulk amorphous 504 environment (Figure 1 ). The scattering was described by combining the Eq. 1 and 4-6 and was 505 superimposed over the scattering from water domains (including the ionomer peak contribution), inter-lamellar amorphous layers, lam and inter-lam, were considered free during the fitting procedure 514 while that of the bulk region bulk was considered that of the amorphous sPS (Table 1) . Finally, the 515 volume fraction of lamellar stacks in Eq. 1 was considered fixed and taken from the assumed lamellae are not changing during hydration, the lam free parameter was considered the same for all 519 curves while the other free parameters were left to vary specifically to each RH condition. The model 520 lines in Figure 6b are describing rather well the experimental data and the fitting procedure 521 delivered the main parameters reported in Table 2 . As we already noted, the sulfonation of the 
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Finally, the fitting procedure delivered the value lam=6.012x10 10 cm -2 for the SLD of the 552 crystalline lamellae, a value which is lower than that of crystalline sPS (Table 1 ). If we consider that 
